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PROBLEM TO BE SOLVED: To achieve accurate determination in real 
time of the positions of working points of reaction forces against floor 
working on leg bodies of two- foot walk moving bodies such as human 
bodies. 

SOLUTION: Position vectors at working points of reactions against the 
floor as to ankle parts vary under conspicuous correlation with the angle 
of the inclination of thigh parts of leg bodies and the angle of bending of 
knee joints. Based on the correlation, the position vectors at the working 
points of the reactions against the floor are determined from at least 
one of the angle of inclination of the thigh parts and the angle of bending 
of knee joints, for example, from the angle of inclination of the thigh 
parts. 
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*naa»ia#s 3 2 «c <t 5 #tts<&© jn&ft a © ^- * 
iMiesirai:sai^©3 1 cc <t S&W&2 ©sMgB 1 

2 4 tc J; 2 ©MSWfc®©*!^*©?*-- * <t 

^SSPttliiSWtH*© 3 3 (c J: ^, SWft 2 (D AliSU 9 s 
CFFH8B 1 1 (Dm>b<Dto&&<Df- 2 £M#&$$ftmM 
a»HJ#S3 4 K J; ■5SWi*2 ©AI18I$9 &.CFFJHS8I5 1 

i ©Mnag©^- * 4jaas*fpffl#.«!e*a3 5 «t 30 

^|g2 8(Cj:SSIBH*2(DAMgP9SO r FIig|51 l©-& 

vmmst 1 oso'fl5K©8 cc^ti^n^-r s*-^ > 
[oo4ii^(c, ±a5<D?a#Magg 1 6 ©#*&© 

[0042] *HJ6Jf5SSt?«, W*.tf AM 1 *J#fr*© 40 

a >?ft/% a Amicyi. t icmm-r z> <t 5 K^xutt s n . 
[0043] t^c*5^. s-r. mwm&m. i6«, fi 

■BW»««l*i|IK*»2 4©i8iffl'fellffrS. c©w^a 
KPW»i^©24©«iffi-C1*. Buia-^-'f ^u^-f A«&c. 

fifiesigp±TflniiS[-fe>-9-2 1 tcj:ssMa53©±[a]#* 50 
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©^./ci^tC. MiaSl (b) K^OfcJ^&MJfil^HSF 

ao. Bviaiii (a) tcSL/a^ftf 

©$tf a* tc . m j&psmtK/^ w«x»««^o»ff © 
HKctt. jBtmtomftztfimm-r&ctv. jsmsss© 
a^©gaJ3fc« > ««±fa# Kuwait fr/raits 

±?z>. c©^*. Buiawfta«j*iJ»r^S2 4». ±ia 

©J:^Kaig|5±Ttt]jIK-fe>-9-2 Itcj:-SMS153©±(^ 

^^©^naiKo^tijT 1 -- f zmnommtmz-rz c 

[0 044] * fc. w*asb*ij»r^is 2 4 ©®sr«, 
PiW^«»-efl!S*«B£*a 3 5 K J: «3 * J: 5 

ic-$.isbt>titcmmW2 , 2 ©^-n-enic^fflT-s^s^j 

Ff, Fr(Hl (b) #M) ©StSte©'?^ AP^Ojl 

tf ^[^tc>!t o r mn<D mw 2 tc^ ^js^ f r = T c f r 

x, F rz)©»S(B <» L/ < W«SMS«g 1 6 ©H?@© 
*)rA ^;U^^A-C*«>^>nfc)5RJg^jF r©m*tffl= V _ (F 
rx'+Frz 1 )) 7&5*P>*>0©5£©fc3f5E©B9e <BS TO J 
©iE©ffl) tm&ZtlZ. *1>X. S*J5^Fr©«^ 
tt©«3*fi*t-t©Blffl«T«:fiT Ofc i#fc, nSW^m 

i5*pa^K«-c* 0 . c»-rn*>— 77©wf*2{c^s 

HcBa»©«eiI#±EiHWaT«:fiT-S- 5 £ ~Cl* . BP* 
«»«»r#l8 2 4 » . 2 ©SIMftB^ff BGt&tftB 

[0 04 5] ±^© <fc 5 ^Wlftil^JK^© 2 4 ©MS 

«>J*P52 5RO f KgPffll4ftSttil'J^m2 6CCi^.Ma?r 
SlfT-r*. c©»^. )»Jgp^4ft]KitS l J^©2 5©®ffi 
T5i. JBlS|5fr^*PjIS-b >tf 1 5 ROTWSJi* t-fa-b> 

•9-1 4^p.-e-n-e c tiA^S4a-sBagp4©H>if*73(6]©flnji 
sagP4©^jiis©^a7 i -^^6. 0tii*^v>7 

«C*JW^J6jgl54©ffl$4ftSe aASWiaif'f -f A« 

oi2>-^i 9*>?>-en-enA*3tisigsp3©Hj^isj 

©ttIjSe« KWSOftiSK©*!!!^- 
7 ^ ;l/$©«M%fflt,»-Ci»*fffitS«CfK:*jW4JKSP3 
©«MftK0h*««X««&6ns. cct, t^ffififfi 
C rtcfcW ■2>BftSl54Sy f fliSI5 3 ©-e*v?n©<iS£4ftK0 

fc>Ft-r?»«i4fta-c*.^, 0 

[0 04 6] Wit«y+-na-fe>-!f 1 4, 19tC± 

aftoswiftHif 8 -**:*^ sett?. iaa54^iggp 



too47]». mnmmsiB. 1 6 «. mtmmm 
»m*S2 8<Dmwtmi&mmijQmmm&&2 7©& 

[004 8] wiimmmmmai^mz sccjcsms-c 

inaj 1 1 <Dm\nm. e c, e d <ta&£finc*f 

ffi. 02#M) #MIBlM^l'£^A»aX©cfc i 5CC;fc 

•9-2 2 (C J: SfiSKgp 8 ©JSftftgA 0 cW&tt}^- *© 
^-Hffli . gHaRBftttftSiHmi 2 5 (C ct 0 6 
n/cgSP 3 OMM ft S 0 b©^ts]ffi i *> fc^SG ( 6 ) (C 

[0049] 9c=0b+A9c (6) 

[005 0] CCr, Mg&3©«£4ftg<9 btt. KJHSB 
3 ©±^g|5^T^S|5<fc «3 APbI 1 ©BU^ffiiJK:^* ffi S <fc 

A«9 ©TiSaiWABI 1 ©SWfflK^fflSJ: 5&cA* 

ao= T Ca«x, aoz) 

= T (ap • cos 0 b- aq • 

[ 0 0 5 6 ] *«c. iHSMaSlg 1 6 tt, mifBSSBM'Cv 

ita i ©&»K*ffi^sii©s<i>©&g < jM*ffitt$c p©ji 

WJ>^^)VRit, AR31*. SW»2©AMSP9(C 
ffiar5BM*Rl. Rli. THSM HCtBSTSMflTO. 

R2i. )iigi53ccta^-r^wf*R3<t. Miesagi54. §ef* 

7. 7RO'aISI56^^/cgi5^3 8 (WT. Jbt*SP3 

TSItStfJt't*^. C©ig^ §0Of*Rl<!:01I*R3 
tOmmU. lO'tC. £Bd&Rl<tPW*R2£©iSte8|3#* 

n-enii5H®8. iSB9g5i oiam-rz. ttc, mora 
t nm*t (ommmzmR 3 s Base 4 ©«ae£.£ 

SP3 9"C£>5o 
[ 0 0 5 8 ] -e . #SaBB*-C«, C© <fc 5 «cM^c 
') >?*f\>t/R©&0il{*Ri~R4Kttifr^SAFg 1 ©fflf* 
ffi^SP (#W*2©*JH»9RCTFH»1 1. KSU3, 
Jbf*SP 3 8) ©-g-n-^tlOfi'^Cl, G2, G3> G4©&ffllf$ 

mi 6©0^L/^cc»y*';{ciBtf.3*irt,>^>„ 
[0059] cct> ifmomgim i 6 «cKttfiu$i/r 

(,^SraH*tl^SP©M^vCl. C2. G3» C4©(4i:«. 
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* eas 9 Figgis 3 ©$4>i>tt*t l r «i4 t -cc > s junkie© 

<8£&£k©-C&.&o 

[005 1 ] S hie. SW<*2 ©TMSP 1 1 ©«£4ftg 

em. ±ie©i-5(c*fi!)e>n/cABi§P9©<«i4ftK0c 
©^-EKBi. igw<*2(c^snrc^B>riB)a?Mgeftis 

•b>1f2 3{Ccfc-S>B?M©l O©/BaftSA0d©t^aif : 
-*©4-@ffi #5$ (7) {CfcO^tBSnS. 

[0 052 ] 0d=0c~A0d (7) 

[0053 ] CCr. mm \ O©SflftgA0d«> 
10 TfllSP 1 1 #Affi88ff 9 ©ffrMcfcf ISAIEI8B9 ©Wffi 
M«c fflM 0 r t, >&J§£{ClE©liI i * S i>ov& Z . 
[0054] $/c. H?ie*«ttijl)Kitiii^g:2 7 ©MS 
■ctt. Buta#i*ffi#SCp©R*o©«i*]^s*crtc*j 

WSft]j$lga 0 = T (aoX, a,z) W«fc^K**6ti 

50 Mi2MSPim£7JtJiIlK-fe>-9-2 OCCi&llg 
gP3©B?f^[Sj©ttIjSK©^ttJ'r-^©4lHlfii ; S:ap. h?T 
iBMa5±T*n3ta-fe>1f2 l«:J:Slggff3©±T:frfr© 

ttfiieo^w^-f ©4-nifii^aqi-r^i. -ene>©t£ 

Ui^-fap, aqi. ffltBJK»ttttft0Hffill#&2 5 K J: 
20 9**^n/cM§P3©ffii4ftaeb©^-|ilfii<»:A^. -A 

51 (8) (C«fc0Jg^S^CftCfcW5»Djiea„= T (ao 
x. a,z) #3&s6e>ft&. 

[0055] 

• sin 0 b, ap • sin£> b+aq • cos0 b- g ) 

(8) 

mmmctto-tmmLtcm.m3£v<D&mx-<ibz 0 c© 

Sil]f*+B^gP©fi^Cl G2, G3. G4©(4g£gfr 

r-^i(,t, Wittf. -&i9<*ta^a5©-^©wgp© 

•5 0 ^ftWCCW. P)xtf04K^-rJ; i 5CC. SABSSC9 
©a-^Gi©{4a». AM§P 9 ©B5Mb5 8 ©tp,C^> 6 A 
Mas9©f&k:£fa&c^iBti©{ig, ^Ti»gi51 1©*'^ 

G2©teg«. mrm&i \<ommmi o<D^tP^>rm 
Ui i©iA-c^fSj«:ffiglt2©(4s<!:Lra3tv. -en 6 
©^tti t2©fii^*6^D**es?)6nr®#^a^g 
i 6{ciettey^3n-cc^„ ftk©PMftfB^a5©S'C>. c 

3. G4©filg{COC»r4)[5l1i'C$>^o 
[0060]^. ±{*SB3 8©S'C^G4©{4g«. 

40 ». a±^gi53 8tc^insffie»7. lomzmmz 
§i^*s. ^fa$«:4Bctsss6i*7, 7«. -Miciaai 

3 8 ©*-^G4©{4g» 3 « i'^itH+T. t^^. {iitlL^ 

KiiKti»t s±{*sb 3 8 ©s^G4©(4g<t a«iai— t ti 

So 

[006 1 ]Sfc, *Hi60^-C«. SBW<*ffi^Si5 <# 
«H*2©A8iaJ9RO f TKg|51 1. KSP3. ±ftSB3 
8) ©S'^CL G2« G3. G4©{ig£^-f ^-^©ffe. S 

mmBSgaofts©^-^^. sran*ffl^gp©if-Yx© 



SBW 50 



13 



10 



So 

[ 0 0 6 2 ] ft. TII95 1 1 <DM.ma. JE¥SP 1 3 Z% 

sbfc«fir-*s„ ±i£©±-5(c?gfiLMS£ls:i 6 

t\, — ft&GC, ±§a&i!lftffl^3P©S>l>G:L C2. G3. G4© 
(ig^. SJL *<fXtt. AIB©#**»f«4*BI»tta» 

©7*— £#><5>. _kfa&B!l&tB^§I5©jt'l>Gl. G2. G3. G4 

c o o 6 3 ] Buie&gp«'^{is*a^^2 9 1*. ±ai© 
j: ^ icmm^m^m. 1 6 fc&e^cfetatts^ufc^--- 

its'i*© 2 6 «c j: 9 ^ n-en** htitcmm 4 ©<«£4# 

ffi6>a ( = ±&9S3 8©M*4ft«) RJ>*MSIS3©flg£tfS 

& e n/c^wft 2 © am^ 9 rotfimb 1 1 ©-en-en 

©#raH*tBSSB©S<[>Gl. G2. G3, G4©{4g£3j?«>£ <> 

[oo64] c©*§^ mmm^ffi> (§j«n*2©Aiii 

WQRtfTWSl 1. USB 3. ±&aP3 8) ©«*4ft@[ 

ea~0dauj£©<£5cc#a66nri>.s©-c\ -e©<®!4 
- # i * e. c P (c *s w s#rai«cra^a©ti[S 

tB^g&©S>0Gl. G2. G3, C4©{4g*5*«66nSC4t 

[oo6 5]*»m(ca, mtfH4*#jisLr. Ria 

4©2EffliJ{C{4g-rSW»2KKL«, AJffi339©#ftJ^»* 

xq= (mlL • xlL+ffllR • xlR+m2L • x2L+m2R 

+ m3 • x3+m4 • x4) /M 
zq= (mlL- zlL+nOR • zlR+m2L- z2L+(n2R 

+ m3 • z3+m4 • z4) /M 
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W:0c(C©tg^. 04r«0c<Of*5) -C*-2>© 
r. ^Bg^ C frfc*jWSAJ2gP9©S^Gi©(i§© 
ffi^tJ. (cL-sinSc. -tl- cos0c) 
TffilSP 1 1 ©#{*ffi««Cp«cfcW5ffi!4#Stt0 d (B 
4T-«0d<O) -C*S©-C, tftltSCptCfeWST 
IBSB1 1 ©a/C>G2©{4g©gg««, AMa59©S3?rL 
c£T&£. (Lc- sin9 c+t2- sin0 d. -Lc-cosflc 
-t2-cos6»d) ffe©W»2©AffiigP9SCrFIi 
SP1 1 aeofOC. ^3^^*3)53 8 ©tWCOl>tfc 
±lfi<!:|5jfl|{C^«6<=.n-5. 

[0 06 6 ] c©<fc ^tcur. &§Bm<iMigl?aj^l3:2 
9 tc J: 0 . JEKtMKC ptc fcW £gWtfc*B^SB©S4>G 
1 G2. G3. G4©{ig£*«Wc&. S|J|t«l&&K 1 6 
tt. Hi)l2#«^i4g^ai#S3 0©MS»fO. 
ft*B*!§SB©S'l>GL G2. G3, G4©(ig©7 s -^<*:. 

^^©ms©^- * t zm^xftttmrnmc p*c*j 

WSARSH ©#f«'l>G0©{ig (xq, zq) 
[0 06 7 ] CCT, ^<*^SCptC*J^€)lgg|J3© 

fi^G3©fifgsc s ms ; i:-en-?n (x3. z3) . m3. ±& 
sb 3 swS't^cftgRo'Sfi^n-en (x4, z4) . 

m4. APaT 1 ©hu^7«C[Sj^o r^ffliJ©Wi*2 ©AIBSI59 © 

M'frGiofeg&o'sa^-en^n (xil, zil) v hol, 

p)Wi*2 ©TBiSSR 1 1 ©Jl'iX^fig&^'fifiSr-en-e 
n (x2L, Z2L) . m2L »J©Wi*2 ©ABSSP9 ©fi^G 

i©[iSRo'*s*^-n-en uir, zir) . miR. wimfc 
2©TffigBi 1 ©^^©{agso'Sfi^^n^n (x2 

R, z2R) . m2R. APhT 1 (DWM&M ( = mlL+m2L+mlR+ 
m2R+m3+m4) i-T-Si. #^S^Cp5C*sWSAr B n 
©#(«^G0©(ig (xq, zq) ffl&i (9) (CJ;0*«6 

6n^o 

[0068] 



20 



30 



x2R 



Z2R 



(9) 



[0069] C©ct ^{CUr#ftS^fi[^Ui*l23 0 

ia#f**^Jiias#w*S3 2©Mffl<!:. miasirfiiS 40 

3 1 ©®a t &ntf -r s . 
[0070] c©*§^. #i*s^}]naesffi#s 3 2 © 

®HJ*©3 0CCJ:»?*fe6n.2>#^^Cp(c*5WS 

#f*fi'l>G0©{4B! (xq. zq) ©B^^lJ^- $ £HH>T . 
*»ffi^CpCC*>WS#^m-^GO©{iiS (xq. zq) © 

2Rtefc5Ht. -r^t)^. #f*ffi«*cp©^.o«c*f-r 

•S#*M^G0©»ni$S r (d 1 xq/de . <f zq/dt* )#5fc#> 

^>n-&„ -etr. coflnMS'ccfxq/dt 1 . rfzq/de) 
t . Huias«flnii)Siti'J^© 2 7 tc i 0 e. n 50 



js«sc P ©)^*o©*eM^ffimcf(c*jw€)jnjiaa ( , = 

T CaoX. a„z) 4©^:? h^fn***SC4icJ:0. tt>t* 
ffiSl^C fCC*it-f -S#<*«'^G0©/jnaK a = T (ax. az)*5 

^c«t>?>ns. 

[007 i] sxfc, mriasm(4g»ta^3 i©mst- 
sw»2 ©a-is§P9 rztfm^ i i ©-en-en©{«i4ft 

S6»c. ecl©^-^©^*!,!:. BtftaigSPfflMftgitl'J 
2 6 &c J; «) h interna 3 ©M$4ftlS 0 b©r- 
^©^Hfiii. I^AMSPg^'TiSgPl l©-9--(X (« 

^ ) ©t 1 — ^ <!: *>6 . HMfasgp*'^{4s»m^e 2 9 © 
mm t mmommic jz o % . Huiaa'<*ffi^^ c peefcw 
•5#wt*2©sirg|5i 2©(4g*s*«>^ns 0 ^t*w«c 
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15 

MU TMSPl 10«5 (KMhpI 0©<£,|>a> 

1 2£V<D&2) ZLdtfZt. IHfcffittl^CpCCfcW 
^SmSB 1 2(D{£m<Dmn (xl2, zl2) (Lc • sin 
0 c+ Ld • sin© d. - Lc • cos0 c- Ld • cos0 d) b 5 

«IU S4tB9c<0, 9d<0)„ ffc£©Wf*2(C 

[0 072]fl-C, C©J£«S)51 2<D##I^Cp 

tc*jws(4s (xi2, zi2) iB«ie#(*M^»{4g»ai*s 

3 0 cc <fc 0 ^casb htitcmfoteMZiC pfCfcW £J§i-&S'l>G 10 
0©(ig (xq. zq) ©r- ^ CD^IUffii . 
G0tC*|"r€.SW^2©airg|51 2<D{ig-^5' h^ T (xl2 
-xq, Zl2-zq) . TT&fc>f>. BtffasS (5) iCfcttSA 
Xf. AZf. AXr. AZr*5*J6F>nS„ 

C o o 7 3 ] #tc. Sffffiims i6B. mtmixtim. 

©Mttt, mffB)fti&jSlft¥ | J8?r-¥ : K2 4&CJ: ( 5 < t4hJ©U' 

j?ji<z-<Avm®i2 titcmfr 2 ©awtflgaw^ 
aspect*, aib i <DteWM&amjjmmm.g 
©fit (che.H3)^*>i; afrsnwasiSH 1 6 tciatt s n 20 

T l » S > i . iff B^^fi'OASSftfftU^ 3 2 5C «fc 0 * 

= T (ax, az)©^|5If»<!:#>6. BUta^ (2) GCtO. 
^ffeL,Tt,^W»2(C^ffl-r?.)*JS*F= T CFx. Fz) 

2 mmwoymm) tcftm-rzmzttz* T co. o> 

[0 074] Mtt2ft«IIK¥&2 4 (C J: O^H© 

t^^^-/ A-cfijK 3 nfcWf* 2 ©jEtttOBftWJre 

**Kflrt?*£*£K:tt. AH 1 ©fSSMSO'S^ftM 30 
g i . B5f2»f*S'l>JHiIK#W#© 3 2 &c J: fj 3fcsb 6 n 
fc3&*tffi*§^C fCCfcH:f£#^,|>G0©flnitffia = T (a 
x, az)©4-IUfiii. BMlBS«r{4gmm^3 1 Kit) 

*266n/cspft2©s«rspi 2©#«at^co{c>ft-r-5, 

ftgO^lHHB©^-* (S; (5) ©AXf. AZf, AX 

r. AZrf)f-m@i) £*p6. H«ias; (5) 

«3. &Wi*2«©J*S2>Ff= T (Ffx. Ffz). Fr= 
T CFrx, F rzWm&mfim&htlZ. 

coo75] mntmsm 1 6 «. ±i£© <t 5 & 
##m>i>fiig#iu^&3 0. #{*m<cMfi«jniigiraj 40 

#©3 2. S*{4g»Hl#S3 1 . SO'*S**S#S 

3 6 ©ms £ »f l -c. Buiawwsgpjjnas^a^e 3 

#©3 5 ©»JiI£ jltrTa,, 
[0 0 7 6] C©i»£. Bifie)WftSa5tojSe[©tt#l23 

3 ©^®-c5t. Bufa#(*m-i:^ag»m^ 3 2 ©^n 
g»ta#i§: 2 9 «c ct 0 sj<* e.n-s#*Msmc p k*3w 

■SSW*2©rama^gp-C&-5,A81gP9R(>'TMSI51 1 
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s^Gi G2©{4g©-5-*i-en©2F§®^B. -r&t>%. 

#f*ffiffi^Cp{cfcW-SAIiS|59SLCXT81gPl 1 ©S-OG 
1 G2©^*X^n©ft]jIg (#{*ffi^Cp©JgL*OtC*t 

as £ . fr nmmmmmMm^m 2 7 cc =t s msp 3 ©«e 

Mffi«^Cf{CfcW£»ilJgcb= T Ca ( ,x. a,z) £©^? 

espgso-'Tiagpi i©-€-n-en©ttiMS (<fco»o< 
«. «0nauftoie3*jsai3ficf«:4jw*is«««») *> s * 

[0077] s/c. mriew*ssaftttijiastB#i23 4 

3M22 8 {Ci:i3*J?)enSSW»2©AiigP9RCrFai 

gpi i©-en^n©MMfta6»c. oazmMwr-**: 
ffl^r, K^cnajgacTFiBWi 1 ©-en-en«£Wg 

0c, ddCDZmdtlftm. AIiSP9SO*Tlia5 

1 1 ©^n-eft©#tt]iilK#5fc*6ft£„ 

[0 07 8 ] g/c. «S*f^.*.«i3e*a3 5©«f 

«. «ifeor^?»»f*2{coc^r 1 m«iuia#Pf*5£i£ 

#ffi3M2 2 8 &C «fc «3 h titc A-S8SI5 9 ©M«4ft S 0 c 
©4-IeIffl^ 6 . S 5 Sc>*a 6 GCijrr <fc ^ K * 6fr Dfe^ 

»e.nfc+angra^K»^^rig«i*2©sirgpi 2*^ 
.£) -s©^^ (smspi 2tc>Ff-r^jg*f'pffl.'S© 

[0 07 9 ] *B»6iH*©59lii{C«£ntf . ® 

»ort»4IWt2©^dB»9©««ftK0c^H?M® 1 

0 ©®ttft sa e ci*. aas*f¥ffl* <t tk»««*iQcffi 
itt^wt. ^^.ifAiRgpgwiSMftiSecJc^ur. 

BMia*S^<m^^ PO<«. AFa11©jl^ 

ft (xiiii^ft) {cteWittflsS^ffffl^f h^©^ 

£. iSttTjft (ZlA^ft) {CfcW^g[)*S^^ffl*^^ 

■T€>. CC-C. AK8SI59©Sl©Mi4ftS0c«. W{*2 
^AK 1 ©^W«:5£c>*-&J; -5tcA)Bia59*^g|53 ©fkk 

tc^L/rffl^br^st* (m{f02©Ar B Ti©M* 
(C(S]*^r^{|]©)Wft2) ©ftS-C*»3. iE©ffli4ftSt 
d c«. 2 *i ABa 1 ©iiltcfft ^ J: ^ AMSB 9 
^KSP 3 ©IA'^(C*t b -Cm® L X C > S £ * ( W^L «0 2 
©AF^l©HU^K:ft^o-CSffJ©W«:2) ©ftg-C* 

[0 08 0] *3IS60.®-C», 0 5Si>'S6© 

i-r-sififK^^or. c©fiftw;^^a^gi 
6{c*p>*iC2?)iaif.^5-iz-cc^. Hfrta^s 
^j(m*«s#i23 5©®s-c«. B?ta«n*^»w# 

©2 8KJ;«3^ist)6nfcAIiSP9©«$4ftS0c©4-[5I 
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[008 1] CCT. H5RWa6©J:9K:. ^Mg)59 

miom (05t?»a 1©*S> i6t?«b l©tl) <b. 
^Sl$9 ©«**«£ 0c&*ft-C. *Mg|59©«£4 
ftK0c©SWfcflUS. HP*. ^cB»9©«*»ftiSa[36*ft 
-C*£?if2©fB (0 5rte:a 2©tB. 06-Cttb2© 
ffi) *H»9©««ftBE0c3»*ft-C. R-o. AMM 
.9©«WftjaK#iiE-C*5*3©ffl (15t(Ja 3© 
ffi. H6T?ttb 3©ffl) ifcKfl-U CRRAftffl^f 
■^©XfcftfjfrJ&a-. ZWjfof&WD^tl^tlK.*?^ 

/c U5©tai5g|5l|^«:*5W-5m 1 *>\fct>'SI2©tBa 1 . 
a 2 £^fcttfcti©iSflM;«. fIcSftfffll&t* h^© 

x*i*iaiSE^*pxii/r. «*.«. 

px=x, • 0c 5 +x, • 0c 5 +x 3 • flc'+x, • 0c 3 +x s • 

ec'+x, • ec+x, 

il>5»©6*©^3B3lffll« U~x,ttJ@Kffi> CCJ;0 
*fc. H5©4flnm^(c4stt&93©tiia3 

©afK^i*. «*.« 

PX-X, • 0C* +X» • 6c'+Xio • dc'+Xu • 0C+Xii 

i(r^«©4^©*«5S»« U~*,SB?lttt) <CJ: 

[008 2] * fc, HeOfgHMffitcirtr&ai 1 *J«fcCf 
»20fibl, b 2 *^fc>1*A:ffl©ifilHSCW. flcR^ff 
ffl*^ f h JU© Z fljJSSfl-* pziOt, W*. tf 
p z= z» • flc' + z, • 0 c s + z 3 • Sc' + z, • 0 c 1 + z s • 

0C J +Z. • 0C+Z, 

©a<«^«. «*.« 

pz=z, • 0c'+?, • 0c*+a» • 6c+z„ 
*J61SP9 ©&&££ 9 o©**?^- *©— BfR»t?||t 

ta$tis^iiigiJ9©Mi4ftiis©iEft^iasij^s. 
cc . cne. ©ium s n/c«$4ft k e c©Eft t Mi4ft a 
&© t *> e df ©tatc#-r s u r . *wn 
3*ifcffi©iaH5£tc*Bs$ 9 (Dmsm&e co^me* 

T Cnij • a, x, m, • aj z) = T (F , x- F , x. 
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* C ttCC J: 0 . *BS 9 ©MMftK 0 cCSKWlgTOII 

[ 0 0 8 4 ] ft. JfcKafefflj5©ffi»*. WtUn»* 
«{* 2 ©J&Mkp 1 0 ©fflft ft K <!: ©flHte h *> *) . AB 

^cMgB9 ©«i4ftS0 ctmmm 1 o ©sttftSA e at 
©W v y^(c<t o fltsafl#ij£©fi]** 

[0085] *fc. aib i im+icmztzwi^itcm 
otds rh* 1 ^> s ^ ±** * £ * «. rtm .#.©& 

gi^fflgpl O©)lftft)SA0di©P^{CS7 (tt-Ttf 
«D«f) . 08 (tST-Sl%B#) KOTrHHHflbMS&U 
Pf©*±^i#^T-S£#«. flcS*ffiffljS©t4lti^: 

nas9©Mt4ftS0c£©nccB9 <f§s±ob$) . m 
7, is ©taiaiiiii^{ca-3iirj^s^fpffl*o{4a j & 

©<S$4ftJS0 c3&>6H 9.010 ©fBHH«{C*-3«,»-r 

[0086] ±ie©*p< j*JK7jfpffl^©&s ; £«i^'rs 
je#a3 7©«ai**ffor. #jN^2©itn®ioR 

«, B5l5mJ^J*iS^e3 6. Nfl^M^XflaVtH^S 
3 3 . W#Sg|5ftttl3$S#m#©3 4, flcSAffffijfflK 

«^©3 5 . 8 cc«t *> *n-e*i 

■2>*>©r*9. ^W»2©^Bflg5l 
0. HSilUgg 8 {Cf'PfflT'S*-^ > h 6n 
■5. 

[0 08 7] 3 e.{cf¥»c«:. 0 1 1 * 
r. S»*2©T)Big|51 HC^IU. TiBSPl 1 ©5fe^SP 

©smsei 2Mtm-?z>t> m&sji) . tmspi i© 
gpi i ©a^c2©&MJjni£g£. -en-ente*tffi^c 

ftCfc^^^^ietCJCo-C. '(F,x, F,z). T (F 2 x, 
F.z), ^^x. a,z)it, feTBSPl 1 ©Sfl£m. it 

■So c©£ir. tisspi i©a^G2©iytasii«<:ii3-rs 
asb^s^«. M(io) <t^cSo 

[0 08 8] 
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(F 2 x. F 2 z) = T (F^-mj • ajX, FiZ-m, 



[0 089] C C T. Tlnli 1 1 ©S'l>G2©ttliIK T (* 
x. a, z) « . Wii BJWttgSBAn «B»ffl^© 3 3 «c J: 0 * 

«e>6ti£6®r&&. £fc. tkspi i ©5tia§sp©£ir 
gp i 2{c^ffl-r^wi5s^ i cF t x. f iZ )«. mmic 
ktmsm i *m?zm&2<,c-oi,>~cmizmmj3Wi 

LX^ZtZlCte, mWlxtl r CF 1 x. F t z)«. 10 
(2) 4Ccfc0**6tl-5)5RJS^ T (Fx, Fz) f&W 
{*2A^Wffl)J<DWft-C*€><i:^CC(i. '(F^. F,z) = T 
(0, 0)-C&£„ Sfc. SM^ttltCfc^t^ ^ffil* 

ttiat. mmfxjj* cf iX , F lZ )ti. Mies: (5)© 

J5RS^ T (Frx, Frz) "C^O. mW#2&mm<DMfc~e$> 
S<L#K«. flie^ (5) <D)*Jg^ T (Ffx, Ffz) -C$> 

[oo90]iot, aw* 2 ©mug® i owpm-rz* 

Io 2 • a t =Mi -M. +F t x • t2' • cos0 d-F lZ • t2' 
+ F 2 x- t2 • cos0d-F,z 

M, = M, -Ioj • Ct 2 +F,x • t2' 
+ F 2 x 
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aiZ-in • g) 
(10) 

fcWSSK^'CF^, F«z)«. W<*SgPflniiK#tH¥m3 

3 tc <fc o *sb6n/cTM3P i i coa^c2©finas T o 

jX , a.z)©^-*^ «£;fr*t^&3 6CC<fc*)5}<tf>6 
( = I (F 1 x. F 2 z)) ©x-^i. Tigapi 

gg©itA^. ±tasc (io) cc^^^ns. 

[009 1 ]*fc. 011 £#BP.L/-C. TiiSP 1 1 <D% 
iSS3|l©£irS|S 1 2 KlWt f-fcM,. TMSP 

1 lODJ&Wgnl OCSi^CCfpffiT**-^ hSrM,, 
TUSBl l©fiiC<2©igD©Mte*-->:> h£lc 2 . T 
§8SB1 l<DS'^C2<D|pl«3<Dfttt]jllt?:a 2 <b-r-5). $ 
fc. BUl304{C^3-a-r > TMoPl l©*<l>G2£18IItl 
651 0©<tM>£©fa©IEflt£t2. TI2SP1 1©Sl'I>G2<!; 
S«gP 1 2 <!: ©HKDiESiS: t2' ( = Ld- 12) t ? h t » 
TMoP 1 1 ©«<DG2©H] 0 ©EIlEMI&tcK-r 
5£tt. ^(11) ttez. 
[0092] 

• sinfld 
t2 • sin0 d 



[0 09 3] C CT, S(l 1) ^©M^i, PIS; ( 1 
1) KH£fc&T]HSin 1 £WlT&«*2(CO(,>TBUtEJ* 
J5^3^ffl .£«£5e*J& 3 5 iC <fc 13 #tf> ft & ERJKWffl * 

SCJ;0*«)6ft-SJ*JS*^i' HUi©^ (-<i7 V)\> 30 
ft) iltf#6n5t-p(>ht$.5. &tc, a,te. 

»(Hfg2 8{CcfcO*SbP.nSTJ!ig|51 i©«m«s-c 

1 c f 1 x, f iZ )w. hu^ojbo . mixum 

tbic, t cf 2 x. f 2 z)«, mitt (10) tcj;o*e*5ti 
sfc©r&6. sfc. «tt*-y>Hc 2 «Tesci 1 
©aanh^^x©^-^^^*^. 3bhfrctb$uhh 
tix mntmmm 1 6 «:§at§s n s & ©r-& -5, . 40 
[oo9 4]se-or. braii oimmtz.^-j^v 
m,«. 0Rs^jfiS^3 efcts^jg^jojisffl©^- 
# t . fl5R*<¥ffl^«uE#a 3 5 cc «t 
^h^©^-^^. w(*ssRftflnas»m*m3 4tcj:« 

t (F 3 x, F 3 z) = T (F 2 x-m, • a,x. 

[0 09 8 ] CCt. T (F 2 x F 2 z)l*. 5fetcSffie^ 
(10) (cJ:!3#&/cS$l?3g5l 0©H8I5^-C&-5». £ 
fc. T (a,x. a.z)«. B5ia«H*SgP»njISltttl#©3 3 
KJ;05j5«6e.n-5^:82gI59©l6^ca.©$g>tt^^C«C 50 



• cos0d-F,z- t2' • sin0d 
t 2 • cosfl d- F 2 z • t2 • sin0 d 
(11) 

^•sTiiapi \<Dftimm.a 1 <D7 : -zt. nmk&nm 

^!22 8(cJ:£TJI2Sin 1 ©ffiMftfied©^-^ <t, 

Mies: do) tc j; i3^»e>nfcKig5Jg^ T cf 2 x. f 2 Z ) 

©^-^i, *6A^D**«t>fcTi8SPl l©Stt*-^ 
^hlo,. V-<X (Ld) . S^G2©(4g(t2)©7 ; -$t 

A^MffiS (id KcfcD^en^. 

[0 0 9 5 3 Mfp-t-^> hJiS#!33 7B. ±!2©i 
^tc L/-CTBSP 1 1 (Di&fflB 1 0 ©»»«:fpffl-r**- 
^>hM.£#*/d&. ^©ffaiMSilHlSlO^SCcJ;-, 

r. AiigisgwHsratBs©^^;^^^^-^^!-?: 
c©*aa©s*w^^.^r«. ^Rigpio©* 

[0 096] tto^. ST. AHSP9©S'l>Gl (04 

#m) ©*jta«j{cwr2,a»i*ssfc»-^<^ < 1 

2 ) (fiiaS; (10) ±mCB<Dj£) {C<t 0 . AS?gP9 
©KB5gp8©g|5^«:^ffl-rSKIg(5JS^ r (F J x. F 3 z)*5^ 

[0 09 7 ] 
FjZ-nk • a,z-i!H • ?) 

(12) 

[ 0 0 9 9 ] 2Ct>-C. ^123159 ©*^Cl©|5| 0 ©m^S 
BbccKI-r •saib^?iSC«:a-5< (13) (aulas 
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<1 1) tmCte<DJZ) *Hi2|J9<DJi3MI58© * [0 10 0] 

M = Mi-lGt • a, + F,x - tl' • cos0c-F,z- tl' 
+ F,x • tl- cosec-FjZ- tl 



[oioi] cc-c. M2ti. miiajS (li) &c<fc9*«> 
^ftfc&Mgpl 0 ©*-;<> K T CF,x. F 2 z)fct. bo 

k do) «:£<)#«>e>n/cji£wgBi oooiaass*. 

T CF lX . F^tt. BtTiesS ( 1 2) Kiel: 9##> 6 ft/d& 
M®8<DM©JS^7. l, t tt. &6a>D###>/cAIIg|59 10 

©fi-^Gioa o ©titt*- * > h . a, »ffifta«i*sgp 

jig. 6 c«B&fBllPf*£&l*ffl#&2 8 (c J: 0**6 n 
•S*M9<DMfi42lg-C<&S. gfc. tlii, fl5B3l58CD 
6*153$ 9 ©S-frGi£ -?©[£& (04#fll) . t 
1' «. ^MS5 1 0©*^e.AS8SP9cr>S^Gl^r© 
mffi. (H4TWLc-ti) . c*xe>«. fohfrCtb 

£-5£>©-C&£ 0 

[0102] #±BMPILfc*&fflAi % mflB^ffteS^g 1 20 
T ^JEfcJfc^ SWf* 2 QBRIfi. 1 0 RVRHfflf 8 teffi 

[ o i o 3 ] ft. *w«#r©»ffl&ttw««w-r* 
**p>n^raf5i o&mMB&v^-sy hcom 

SEffltt. flUtf APfl 1 (DmyZffiM-tZSim. (MMmi 1 

0 -?>JgWfii 8 icfflBj h * * nj*&&*»*- 

[0104] MaiL/fc?f#^a«gl 6©MSKJ:>3>K 

«>6>nfcms^©fiiSfa (no<\t. m*.ixt><DW&m 30 

<D*6S+fB) ©i&B^b©^^ 1 2 ~h 1 4ttmre 

txtd&MB 1 0&tfliSIIf©8©^-^> h©«Sffi©ilI 
B#^b©*£iP*01 5fc38KKMHinT*. CC7. 01 

fcltt=r©Wn. 01 3ttAPdn#ra©£±^;fciS^©0!J 
7K. 014 (JARS! 1 J&Mfrf-Kffi o fctfM*> h3L%±&r> 
fc*B£©0IMn"Ca>S. C©*§£. il2~014t(J t 

^©KfiitctB^s*.©) ^ffl^-ewta^nr^ 40 sl 
s. 01 5r«h;u^-*#£fl?<,>r®;iwt5 1 
0Ro*aaKiB8(D*-^> b^mmLtcttnm (mm® 

1 0RO'fl5MgB8CD*-^> h©Effi(CtB^TS4>©) 
[0 1 0 5 ] 0 1 2~01 4£#BBL.TgH6#>&cfc , 5 

ic j: 6 r (c«go«fc t, ^^©nsffiaw e.nti>5c 

1 biCrnStl^^^iC. mfflB 1 0 -^HSBCIgn 8©-t-y 50 0, 



sin# c 
sin(? c 
( 13) 

[0106] fcl±©<fc 5<t. ^HSfiff^CCctntf . 

2 cc APai i omiowm tu-z>tc<o. m#2 ©aiatcft 

Mgp8 J f>)aMEP8W:^#OfcftK-fe>lJ-2 2, 2 3^ 
«*5tClHtl,fcy + -fD-fe>m 4, 19&tftt]jlg[ 
•te>1M5. 20, 2 1 il^i^ifetb^W/J^rga 
ft-fe >tf£fflt>T&)ililf* 2 (cftffiT SJEfcJK^fc J: DM 
;OTJBj£OfikBeffl&c&. c©filSffi^6SWif*2© 
j&nagpSRtfj&ia® 1 occfl^-r h*«/r* 

Jt*. WcoiWt. »Rr©#tf^ mW2<DMMB 

•enuMttc «t 6 -r KtbixftfiK «t < if -5 c <t 

[0 1 0 7 ] (88. «±»MOte**Be»Ttt. 

APai i ic&mi>tcm'&zmtct-oxmwLtc&. 
z>ctifi-ezz>„ ccr. h^c«. MSP 

©ti^c«. v> + □-fe>iJ- j ?'mrf^isi©/)nas-b>-9- 

•r s <t -5 cc-r-s c <t i> pitg-c*^,, 

[0108] MfB^iSSff^-CW. W*2©«S!itt 

«g^*i]»frSfc*{c. MSiJ±Tft3iiJKi2>tf 2 l©^m 

[0 1 1 fai5jiw&i5m<Dm*mBmzvtffl-?z>tc&(D 



[02] ^^©-IIJS^KijWarS^T^Sb^i 
T0. 

[ 0 3 ] 0 2 (Dtmtcffiz. zmnxmmm<D®mzi&w 

-?Z>tctb<D-7<a v ?m<, 

[04)03 <Dmn&m$km.<Dwymmi. 

[0 5] ai^^fB#«c*sWSmJS^ffl*'<i' h^©« 
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So 

[07] 0 B$5C fcW S^S^f^ffl ^ f h )V<D'M 

0= 

[0 8] m^s^±*i0ffi?«:*3ws^j^j{m^^ 
;i/©iitf ^i6i/?!t^<t mmmom mnm. tommmmznk 
■rum, 

[09] Pg!9Lt 9 B#K W £JEft52>fPffl * J- MOM 10 

0. 

[0io] f%®.T')mici$t l i2>mm?)ftm&'<? h>u© 
0. 

[011] 03©v2timS3§g©IWgp^-^>hlf£^ 
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[012] *^©^SS^.«:j;0*«)6nfciiS^f 

^©ms^©«s<a©^B#^t©»^ ^w^-r-s ^5 

[013] *^©msff^ccj;'3*ai)6nfc|iil2±«9 

B#©^js^©«iS{ii©MB#^fk©^*^i^-r^> 

[014] *&W<DmteBmtc£VX£>*>titctfi*±L*> 
±& D B#©0Kjg^j©«Siii©S ffi^b©*i*£#W-r £ 

[015] ^^©IIJS^tciO^a&^n/cMMgSR 
[flF#©5fc5B] 

i - Am (r.s.mmwam . 2 -aw. 8 -rang©. 

10-&Mg5. 1 2 -SlrgC (^SSPffi) . 
SP. 2 2- "JgMfi5#«-fe>t>\ 2 3- -l8?Ma5ftS-fe> 
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FIG. 11 
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